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(54) Water-developing photosensitive resin composition 

(57) The present invention provides a photosensitive resin composition which is superior in water-developing prop- 
erties, resilience, strength of resin plate after exposure, elongation at break, and transparency of resin plate. 

Disclosed is a water-developable photosensitive resin composition, comprising: 

(1) a particulate copolymer obtained by polymerizing a monomer mixture comprising: 

(a) an aliphatic conjugated diene monomer, 

(b) a monomer represented by the following general formula (I): 



CH2=C-C-0-(CHj)^0-(C-R 2 0-).«H 

0 



R' O 



(I) 



and 

(c) a monomer having at least two groups capable of addition-polymerizing; 

(2) a photopolymerizable unsaturated monomer; 

(3) an amino group-containing compound; and 

(4) a photopolymerization initiator. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . HELD OF THE INVENTION 

The present invention relates to a photosensitive resin composition. More particularly, the present invention relates 
to a photosensitive resin composition (particularly, photosensitive resin composition for f lexographic printing) which can 
be developed with water, and at the time of development, the composition has small swell characteristics with water and 
10 small decrease in strength, is superior in resilience in spite of small change in dimension, and is superior in printability. 

2. DESCRIPTION OF THE PRIOR ART 

Various photosensitive resin compositions have been used in the fields of photoresist, printing ink, plate-making, 

75 etc. 

As such a photosensitive resin composition, there have been known compositions containing a cyclized rubber and 
a bisazide compound; compositions containing a thermoplastic elastomer, an acrylic monomer and a photopolymeriza- 
tion initiator; and compositions mainly containing a photosensitive resin (e.g. polyester acrylate, epoxy acrylate, vinyl 
polycinnamate, chloromethylated polystyrene, aromatic azide group-containing resin, etc.). However, these photosen- 

20 sitive resin compositions are not water-soluble and an organic solvent is exclusively used at the time of developing. 
However, an influence of the organic solvent on the environment has recently become a serious problem, in addition to 
safety at the time of operating and problem about health. 

Therefore, a photosensitive resin composition capable of alkaline developing, comprising a novolak resin or 
polyvinyl phenol) and a quinone diazide compound, is known as that which solve the above various problems, but a 

25 photosensitive resin composition capable of water developing, which is more safe and simple, is desired. 

As the water-developing photosensitive resin composition, for example, there are suggested a composition com- 
prising a water-soluble resin as a main component, such as a composition comprising a water-soluble resin (e.g. poly- 
vinyl alcohol, gelatin, casein, etc.), bichromate salt and diazonium salt or bisazide compound, and a composition 
comprising a water-soluble resin, a water-soluble acrylic monomer and a photopolymerization initiator, etc. 

30 However, regarding a conventional water-developing photosensitive resin composition, the hydrophilic nature of the 
resin as the main component to water is remarkable. Therefore, the resin composition swells at the time of developing 
to cause a decrease in strength and a change in dimension. As a result, the dimensional accuracy of the resist, printing 
durability of the printing plate (plate wear) and printing quality are deteriorated. 

In order to solve the problem of these water-developing photosensitive resin compositions, there is suggested a 

35 photosensitive resin composition obtained by formulating a photopolymerizable unsaturated monomer, an amino 
group-containing compound and a photopolymerization initiator to a copolymer comprising a conjugated diene com- 
pound or an acrylic ester compound, an a, p-ethylenic unsaturated carboxylic acid and a polyfunctional vinyl com- 
pound, said copolymer being soluble in an aqueous alkaline solution (e.g. Japanese Laid-Open Patent Publication Nos. 
Sho 60-17941 1, Sho 60-219208 and Sho 61-18181 1). 

40 In addition, as another water-developing photosensitive resin composition, a composition comprising a partially 
crosslinked copolymer of an aliphatic conjugated diene, an a, p-ethylenically unsaturated carboxylic acid and a poly- 
functional vinyl compound, an aliphatic conjugated diene copolymer having a molecular weight of not less than 5,000, 
a photopolymerizable unsaturated monomer, a basic nitrogen atom-containing compound and a photopolymerization 
initiator (e.g. Japanese Laid-Open Patent Publication No. Hei 1 -300246, etc.); a composition comprising a polymer hav- 

45 ing a tertiary amino group and a polymerizable unsaturated group, an a, p-ethytenicunsaturated monomer having a free 
acid group, a photopolymerizable unsaturated monomer and a photopolymerization initiator (e.g. Japanese Laid-Open 
Patent Publication No. Sho 61-246742, etc.); and a composition comprising a photopolymerizable unsaturated mono- 
mer, an amino group-containing compound (a part of the photopolymerizable unsaturated monomer or amino group- 
containing compound has a (meth)acryloyl group) and an aromatic ketone and, optionally, an additional polymer (e.g. 

50 Japanese Laid-Open Patent Publication No. Sho 61-228002, etc.) are known. 

However, these photosensitive resin compositions are not satisfactory in balance between characteristics such as 
water-developing properties, flexibility after photosetting and developing, resilience, hardness of rubber, mechanical 
strength, etc. 

55 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a water-developable photosensitive resin composition which is supe- 
rior in water-developing properties and causes small decrease in strength and small change in dimension because of 
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small swelling at the time of water developing, and which is superior in mechanical strength after exposure, elongation 
at break, resilience and balance between those characteristics. 

The present invention relates to a water-developable photosensitive resin composition, comprising: 

(1) a particulate copolymer obtained by polymerizing a monomer mixture containing: 

(a) 10 to 95 molar % of an aliphatic conjugated diene monomer, 

(b) 0.1 to 30 molar % of a monomer represented by the following general formula (I): 



wherein R 1 is a hydrogen atom or a methyl group, R 2 is an alkylene group having 3 to 20 carbon atoms, n is 
an integer of 2 to 6, and m is an integer of 1 to 20, 

(c) 0.1 to 30 molar % of a monomer having an ionic hydrophilic group, and 

(d) 0.1 to 20 molar % of a monomer having at least two groups capable of addition-polymerizing, total amount 
of components (a), (b), (c) and (d) being 100 molar %; 

(2) a photopolymerizable unsaturated monomer; 

(3) an amino group-containing compound; and 

(4) a photopolymerization initiator. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a water-developable photosensitive resin composition, comprising: 
(1) a particulate copolymer obtained by polymerizing a monomer mixture containing: 

(a) 10 to 95 molar % of an aliphatic conjugated diene monomer, 

(b) 0.1 to 30 molar % of a monomer represented by the following general formula (I): 



wherein R 1 is a hydrogen atom or a methyl group, R 2 is an alkylene group having 3 to 20 carbon atoms, n is 
an integer of 2 to 6 ( and m is an integer of 1 to 20, 

(c) 0.1 to 30 molar % of a monomer having an ionic hydrophilic group, and 

(d) 0.1 to 20 molar % of a monomer having at least two groups capable of addition-polymerizing, total amount 
of components (a), (b), (c) and (d) being 100 molar %; 

(2) a photopolymerizable unsaturated monomer; 

(3) an amino group-containing compound; and 

(4) a photopolymerization initiator. 

The particulate copolymer (I) (hereinafter merely referred to as a "copolymer (I)", sometimes), which is one of the 
components constituting the water-developable photosensitive resin composition in the present invention, comprises 
the components (a), (b), (c) and (d) as the essential component, and it may optionally contain a copolymerizable mon- 
omer component (e) other than those components. 

The monomer component (a) constituting the copolymer (I) has a function of imparting properties of the elastomer 
(e.g. strength, elongation, resilience, etc. of the composition) after the completion of the photosetting reaction. The 
monomer component (a) may be exemplified by butadiene, isoprene, 1 ,3-pentadiene, 1 ,3-hexadiene, 2,3-dimethylbuta- 
diene, 4,5-diethy-1,3-octadiene, 3-butyl-1,3-octadiene. chloroprene, 2,3-dichlorobutadiene, 1,3-cycloperrtadiene and a 



CH a = C-C-0-(CH 2 ) n -0-(C-R l O-) ro -H 
R* O O 



( I ) 



CH 2 =C-C-0-(CH J ) ft -0-(C-R 5 0-) w -H 
R 1 O O 



(I) 
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mixture thereof. Among them, butadiene and isoprene are preferred in view of the mechanical strength and resilience, 
and butadiene is particularly preferred. 

The amount of the monomer component (a) constituting the copolymer (0 is 10 to 95 molar %, preferably 30 to 90 
molar %, based on the total monomer components constituting the copolymer (I). When the amount of the monomer 
component (a) is less than 1 0 molar %, the strength of the composition polymer after photosetting becomes low. On the 
other hand, when the amount exceeds 95 molar %, the resulting photosensitive resin composition is inferior in water- 
developing properties. 

The monomer component (b) constituting the copolymer (1) has the general formula (I): 

C Hj-C^C-^o-CCHO.-O-CC-R'O-^-H ( I ) 

Ft' 0 0 



wherein R 1 is a hydrogen atom or a methyl group, R 2 is an alkylene group having 3 to 20 carbon atoms, n is an integer 
of 2 to 6, and m is an integer of 1 to 20. This monomer component contributes to impart water-developing properties to 
the resin composition and to improve performances of the printing plate, particularly resilience. 

Examples of the compound represented by the general formula (I) include the following compounds. They can be 
used alone or in combination thereof. 

CH 2 =CHCOOC 2 H 4 0-CO-C3H 6 OH, CH 2 =CHCOOC 2 H 4 0-COC4H 8 OH, CH 2 =CHCOOC 2 H 4 O-CO-C 5 H 10 OH, 
CH 2 =CHCOOC 2 H 4 0-(CO-C 3 H 6 0) 2 H, CH 2 =CHCOOC 2 H 4 0-(COC 4 HgO) 2 H, CH 2 =CHCOOC 2 H 4 0-(CO-C 5 H 1 0 O) 2 H, 
CH 2 =CHCOOC 2 H 4 O-(CO-C 5 H 10 O) 3 H, CH 2 =CHCOOC 2 H 4 O-(CO-C 5 H 10 O) 4 H, CH 2 =CHCOOC 2 H 4 0-(CO-C 5 H 1 oO)5H, 
CH 2 =CHCOOC 3 H 6 0-CO-C 5 H 1 oOH l CH 2 =CHCOOC3H 6 O-(COC 5 H 10 O) 2 -H, CH 2 =CHCOOC3H 6 O-(CX)C5H 10 O)5-H, 
CH 2 =CHCOOC 4 H 8 O-COC 5 H 10 OH i CH 2 =CHCOOC 4 H 8 O-(COC5H 10 O)5-H, CH 2 =C(CH 3 )COOC 2 H 4 0-CO-C 3 H 6 OH, 
CH 2 =C(CH 3 )COOC 2 H 4 0-COC 4 H 8 OH CH 2 =C(CH 3 )COOC 2 H 4 O-CO-C 5 H 10 OH, CH 2 =C(CH 3 )COOC 2 H 4 0-(CO- 
C 3 H 6 0) 2 H, CH 2 =C(CH 3 )COOC 2 H 4 0-(COC 4 H 8 0) 2 H, CH 2 =C(CH 3 )COOC 2 H 4 O-(CO-C 5 H 10 O) 2 H, 

CH 2 =C(CH 3 )COOC 2 H 4 O-(CO-C 5 H 10 O) 3 H l CH 2 =C(CH3)COOC 2 H 4 O-(CO-C 5 H 10 O) 4 H, CH 2 =C(CH 3 )COOC 2 H 4 0- 
(CO-C 5 H 10 O) 5 H, CH 2 =C(CH3)COOC 3 H 6 O-CO-C 5 H 10 OH, CHg^CtCH^COOC^HeO^COCsH^O^-H, 

CH 2 =C(CH 3 )COOC 3 H 6 O-(COC 5 H 10 O)5H, CH 2 =C(CH 3 )COOC 4 H 8 O-COC 5 H 10 OH and CH 2 =C(CH 3 )COOC 4 H 8 0- 
(COC 5 H 10 O) 5 -H. Among them, those represented by the general formula (I) wherein R 2 is an alkylene group having 3 
to 7 carbon atoms, n is an integer of 2 to 4 and m is an integer of 1 to 5 are preferred. Among them, c-caprolactone- 
modified hydroxyethyl (meth)acrylate represented by the general formula (I), wherein R 1 is H or CH 3 , R 2 is C 5 H 10> n is 
2 and m is an integer of 1 to 4, is particularly preferred. 

The amount of the monomer component (b) constituting the copolymer is 0.1 to 30 molar %, preferably 0.5 to 25 
molar %, more preferably 5 to 20 molar %, based on the total monomer components constituting the copolymer (1). 
When the amount of the monomer component (b) is less than 0.1 molar %, the water-developing properties of the 
resulting resin composition become insufficient. On the other hand, when the amount exceeds 30 molar %, the solid 
retention of the resin composition is deteriorated and resilience of the printing plate material after photosetting is dete- 
riorated. In addition, the printing plate material becomes hard and brittle. 

The monomer component (c) constituting the copolymer (1) imparts the water-developing properties to the compo- 
sition, and improves the storage stability of the composition before and after photo-exposure. The monomer component 
(c) can be used alone or in combination thereof according to the purpose thereof. 

The ionic hydrophilic group of the above compounds means a group in the molecule, which can easily bond with 
water molecule, and examples thereof include a carboxyl group, a phosphoric group, a phosphate group, a sulfonic 
group, etc. In the present invention, however, the ionic hydrophilic group is not limited to them. Examples of the com- 
pound thereof include a, p-ethylenic unsaturated carboxylic acids such as (meth)acryiic acid (including methacrylic acid 
and acrylic acid, the same as the followings). etc.; unsaturated (mono)carboxylic acids (including monocarboxylic acid 
and polycarboxylic acid, the same as the followings) such as crotonic acid, cinnamic acid, etc.; unsaturated polycarbox- 
ylic acids such as (anhydrous) maleic acid (including anhydrous maleic acid and maleic acid, the same as the follow- 
ings), fumaric acid, (anhydrous) itaconic acid, citraconic acid, mesaconic acid, etc.; free carboxyl group containing 
esters such as monomethyl ester, monoethyl ester, monopropyl ester, monohexyl ester, monooctyl ester, dimethyl ester, 
diethyl ester, dipropyl ester and dibutyl ester of the above unsaturated polycarboxylic acid, etc.; free carboxyl group- 
containing nitriles such as mononitrile of the above unsaturated polycarboxylic acid, etc.; free carboxyl group-containing 
esters such as monoester of non-polymerizable polycarboxylic acid (e.g. phthalic acid, succinic acid, adipic acid, etc.) 
and hydroxyl group-containing unsaturated compound (e.g. allyl alcohol, 2-hydroxyethyl (meth)acrylate, etc.); and com- 
pounds represented by the general formula (II): 
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CH 2 =C-C-0- ; (R 4 -C-0) , -H (II) 
R 3 0 0 



In the above formula, R 3 is a hydrogen atom or a methyl group; R 4 is an alkylene group having 3 to 20 carbon 
atoms, preferably 3 to 10 alkylene group, such as propylene group, butyrene group, etc. t is an integer of 1 to 20, pref- 
erably 1 to 10. 

Examples of the compound represented by the general formula (II) include CH 2 =CHCOO-C3H 6 COOH, 
CH9=CHC00-CAHqCQ0H. CH 2 =CHCOO-C 5 H 10 COOH, CH 2 =CHCOO-(C 3 H 6 COO)2-H, CH 2 =CHCOO-(C 4 H 8 COO) 2 - 
JH, CH 2 =CHC^^H 10 COp) 2 ^l, CH 2 =CHCOO-(C 5 H 10 COO) 3 -H, CH 2 =CHCOO-(C 5 H 10 COO) 4 -H, CH 2 =CHCOO- 
(C^R^CQDJs-H, CH 2 =C(CH 3 )COO-C 3 H 6 COOH, CH^qCH^CCHD-C^sCOOH, CH 2 =C(CH 3 )COO-C 5 H 10 COOH, 
CH 2 =C(CH 3 )COO-(C 3 H 6 COO) 2 -H, CH 2 =C(CH 3 )COO-(C 4 H 8 COO) 2 -H f CH 2 =C(CH 3 )COO-(C 5 H 10 COO) 2 -H, 
CH 2 =C(CH 3 )COO-(C 5 H 10 COO) 3 -H, CH 2 =C(CH 3 )COO-(C 5 H 10 COO)4-H, CH 2 =C(CH 3 )COO-(C 5 H 10 COO)5-H, etc. Fur- 
thermore, examples thereof include vinylsulfonic acid, styrene-p-suffbnic acid, 2-acrylamide-2-methylpropanesulfbnic 
acid, 2-amidophosphoxyethyl methacrylate, ethylene (meth)acrylate phosphate, tetramethylene (meth)acrylate phos- 
phate, (bis)ethylene (meth)acrylate phosphate, (bis)tetramethylene (meth)acrylate phosphate, diethylene glycol 
(meth)acrylate phosphate, (bis)diethylene glycol (meth)acrylate phosphate, triethylene glycol (meth)acrylate phos- 
phate, etc. 

Among the monomer component (c), acrylic acid and methacrylic add are preferred, and those represented by the 
general formula (II) wherein R 4 is an alkylene group having 3 to 7 carbon atoms and I is an integer of 1 to 5 are more 
preferred. In view of the water-developing properties and elastic modulus, e-caprolactone-modrf ied carboxylic monomer 
represented by the general formula (II), wherein R 3 is H or CH 3> R 4 is C 5 H 10 and t is an integer of 1 to 4, is particularly 
preferred. 

The amount of the monomer component (c) is 0.1 to 30 molar %, preferably 0.5 to 20 molar %, more preferably 1 
to 10 molar %, based on the total monomer components constituting the copoplymer (1). When the amount of the mon- 
omer component (c) is less than 0.1 molar %, the water-developing properties of the resulting resin composition 
become insufficient. On the other hand, when the amount exceeds 30 molar %, the solid retention of the resin compo- 
sition is deteriorated and resilience of the composition after photosetting is deteriorated. In addition, the photo-set com- 
position becomes hard and brittle. 

The monomer component (d) constituting the copolymer (1 ) plays the role in expressing the water-developing prop- 
erties of the composition containing the copolymer. For example, there can be used ethylene glycol di(meth)acrylate, 
trimethylolpropane di(meth)acrylate, trimethylolpropane tri(meth)acrylate, propylene glycol dimethacrylate, propylene 
glycol diacrylate, divinylbenzene, trivinylbenzene, pentaerythritol tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, 
1,4-butanediol di(meth)acrylate, 1 ,6-hexanediol di(meth)acrylate, etc. These polyfunctions polymerizable monomers 
may be used alone or in combination thereof. 

Among them, divinylbenzene and ethylene glycol di(meth)acrylate are particularly preferred in view of the transpar- 
ency, mechanical strength and water-developing properties of the resin composition. 

The amount of the monomer component (d) is 0.1 to 20 molar %, preferably 0.5 to 10 molar %. When the amount 
of the monomer component (d) is less than 0. 1 molar %, the water-developing properties of the composition are inferior. 
On the other hand, when the amount exceeds 20 molar %, a compatibility between the particulate polymer and pho- 
topolymerizable monomer is inferior and, therefore, the processability becomes inferior. Furthermore, a decrease in 
strength of the polymer composition after photosetting is remarkable. 

The monomer component (e), which is optionally added, is mainly added so as to improve the processability, plate 
wear (printing durability), organic solvent-resistance, ink resistance and printability of the resin composition, and it may 
be any compound having one addition-polymerizable group. Examples thereof include 2-hydroxyethyl acrylate, hydrox- 
ypropyl acrylate, 2-hydroxyethyl methacrylate, hydroxypropyl methacrylate, hydroxybutyl acrylate, hydroxybutyi meth- 
acrylate, allyl alcohol, methallyl alcohol, N-(4-hydroxyphenyl)acrylamide or N-(4-hydroxyphenyl)methacrylamide, o-, m- 
or p-hydroxystyrene, o-, m- or p-hydroxyphenyl-acrylate or o-, m- or p-hydroxyphenyl-methacrylate, and other hydroxy 
group-containing monomers; alkyl acrylates or methacrylates, such as methyl (meth)acrylate, ethyl (meth)acrylate, n- 
butyl (meth)acrylate, propyl (meth)acryfate, acyl (meth)acrylate, cyclohexyl (meth)acrylate, octyl acrylate, 2-chIoroethyl 
acrylate, etc.; polymerizable amides such as acrytamide, methacrylamide, N-methylolacrylamide, N-methylolmethacr- 
ylamide, N-ethylacrylamide, N-hexylacrylamide, N-cyclohexylacrylamide, N-hydroxyethylacrylamide, N-phenylacryla- 
mide, N-nitrophenylacrylamide, N-ethyl-N-phenylacrylamide, etc.; nitrogen-containing alkyl acrylates or methacrylates, 
such as dimethylaminoethyl acrylate, dimethylaminoethyl methacrylate, etc.; vinyl ethers such as ethyl vinyl ether, 2- 
chloroethyl vinyl ether, hydroxyethyl vinyl ether, propyl vinyl ether, butyl vinyl ether, octyl vinyl ether, phenyl vinyl ether, 
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etc.; vinyl esters such as vinyl acetate, vinyl chloroacetate, vinyl butyrate, vinyl benzoate, etc.; styrenes such as styrene, 
a-methylstyrene, methylstyrene, chloromethylstyrene, etc.; vinyl ketones such as methyl vinyl ketone, ethyl vinyl ketone, 
propyl vinyl ketone, phenyl vinyl ketone, etc.; olefines such as ethylene, propylene, isobutyrene, glyctdyt (meth)acrylate, 
etc.; polymerizable nitriles such as acrylonitrile, methacrylonitrile, N-vinylpyrrolidone, N-vinylcarbazole, 4-vinylpyridine, 
etc. These compounds may be used alone or in combination thereof. 

The monomer conrponent (e) is contained in an amount of not more than 70 molar %, preferably 1 to 40 molar %, 
based on the total monomer components. When the amount the monomer component (e) exceeds 70 molar %, prob- 
lems such as decrease in rubber elasticity and mechanical strength of the composition, deterioration of water-develop- 
ing properties, deterioration of stability of the composition, deterioration of transparency of the composition, etc. arise. 

Among them, methyl (meth)acryiate, ethyl (meth)acrylate, styrene, acrylonitrile and 2-ethylhexyl (meth)acrylate are 
particularly preferred in view of the rubber elasticity, mechanical strength, solvent resistance, processability of the com- 
position, plate wear (printing durability), etc. 

The copolymer (1) is prepared as the particulate copolymer by an emulsion polymerization or suspension polym- 
erization process using a radical initiator, it is, however, preferred to use the emulsion polymerization process in view of 
the size of particles and uniformity of the particle size. The polymerization agent such as each monomer, radical initia- 
tor, etc. may be added in one portion at the time of the beginning of the reaction, or optionally added in several portions 
after the beginning of the reaction. The polymerization is conducted at 0 to 80°C in a reactor containing no oxygen, and 
the operation conditions (e.g. temperature, stirring, etc.) can be optionally changed during the reaction. As polymeriza- 
tion system, both continuous and batch systems can be used. 

As the radical initiator, for example, organic peroxides (e.g. benzoyl peroxide, cumene hydroperoxide, paramentane 
hydroperoxide, lauroyl peroxide, etc.), diazo compounds (e.g. azobisisobutyronitrile, etc.), inorganic compounds (e.g. 
potassium persulfate, etc.) and redox catalysts (e.g. combination of organic compound and iron sulfate, etc.) are used. 

It is preferred that the copolymer (1) is in the particulate form. TTie average particle size of particles is adjusted 
within the range of 5 to 800 nm, preferably 10 to 300 nm, more preferably 30 to 200 nm. When the particle size of the 
particles is larger than 800 nm, the print-making properties in the production of the resin plate and the strength is low- 
ered. On the other hand, when the particle size is smaller than 5 nm, the rubber elasticity of the resulting composition 
is low and the water-developing properties are inferior. The water resistance and water-developing properties of the 
water-developable photosensitive resin composition are further improved by hydrophilizing the surface of the particles 
of the particulate polymer and imparting a hydrophobicity to the interior of the particles. 

Examples of the photopolymerizable unsaturated monomer (2) as one of the constituent components of the 
present invention include aromatic vinyl compounds such as styrene, a-methylstyrene, o-methylstyrene, p-methylsty- 
rene, p-t-butylstyrene, o-methoxystyrene, m-methoxystyrene, p-methoxystyrene, diisopropenylbenzene, divinylben- 
zene, o-chlorostyrene, m-chlorostyrene, p-chlorostyrene, N,N-dimethyl-p-aminostyrene, N,NKJiethyl-p-aminostyrene, 
vinylpydridine, etc.; 

unsaturated nitrile compounds such as (meth)acrylonitrile (representing acrylonitrile and methacrylonitrile, the 
same as the fallowings), a-chloroacrylonitrile, a-chloromethylacrylonitrile, a-methoxyacrylonitrile. a-ethoxyacrylonitrile, 
nitrile crotonate, nitrile cinnamate, nitrile itaconate, dinitrile maleate, dinitriie fumarate, etc.; 

alkyi (meth)acrylates such as methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acrylate, isopropyl 
(meth)acrylate, n-butyl (meth)acrylate, isobutyl (meth)acrylate, sec-butyl (meth)acrylate, tert-butyl (meth)acrylate, n- 
amyl (meth)acrylate. 2-ethylhexyl (meth)acrylate, n-octyl (meth)acrylate, lauryi (meth)acrylate, stearyl (meth)acrylate, 
etc.; 

unsaturated monocarboxylates such as methyl crotonate, ethyl crotonate, propyl crotonate, butyl crotonate, 
methyl cinnamate, ethyl cinnamate, propyl cinnamate, butyl cinnamate, etc.; 

fluoroalkyl (meth)acrylates such as trifluoroethyl (meth)acrylate, pentafluoropropyl (meth)acrylate, heptafluor- 
obutyl (meth)acrylate, etc.; 

mono- or di-(meth)acrylates of alkylene glycols, such as ethylene glycol, 1,2-propanediol, 1,3-propanediol, 1,4- 
butanediol, 1,5-pentanediol, 1,6-hexanediol, etc.; 

mono- or di-(meth)acrylates of polyalkylene glycol (2 to 23 alkylene glycol monomers), such as polyethylene gly- 
col, polypropylene glycol, etc.; 

alkoxyalkyl (meth)acrylates such as 2-methoxyethyl (meth)acrylate, 2-ethoxyethyl (meth)acrylate, 2-methoxy- 
propyl (meth)acrylate, 2-ethoxypropyl (meth)acrylate, 3-methoxypropyl (meth)acrylate, 3-ethoxypropyl (meth)acrylate, 
etc.; 

(meth)acrylates of alkoxyalkylene glycol or alkoxypolyalkylene glycol (e.g. number of alkylene glycol unit: 2 to 
23), such as methoxyethylene glycol, methoxypropylene glycol, methoxypolyethylene glycol, ethoxypolyethylene glycol, 
methoxypolypropylene glycol, ethoxypolypropylene glycol, etc.; 

aryloxyalkyl (meth)acrylates such as 2-phenoxyethyl (meth)acrylate, 2-phenoxypropyl (meth)acrylate, 3-phenox- 
ypropyl (meth)acrylate, etc.; 

mono(meth)acrylates of aryloxypolyalkylene glycol, such as phenoxypolyethylene glycol, phenoxypolypropylene 
glycol, etc.; 
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cyanoalkyl (meth)acrylates such as cyanoethyl (meth)acrylate, cyanopropyl (meth)acrylate, etc.; 

oligo (meth)acrylates such as (meth)acrylate, tri(meth)acrylate, tetra(meth)acrylate, etc. of polyhydric alcohols 
such as glycerin, 1,2,4-butanetriol. pentaerythritol, trimethylolalkane (e.g. cart>on number of alkane is 1 to 3), tetrame- 
thylolalkane (e.g. cartx>n number of alkane is 1 to 3), etc.; 

mono- or oligo-(meth)acry!ates of polyalkylene glycol adduct of polyhydric (trihydric or more) alcohol; 

mono- or di-(meth)acrylates of cyclic polyol such as 1,4-cyclohexanediol, 1 ,4-benzenediol. 1 ,4-dihydroxyethyl- 
benzene, etc., 

hydroxyalkyl (meth)acrylates such as 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acryiate, 3-hydroxy- 
propyl (meth)acryiate, 3-chloro-2-hydroxypropy1 (meth)acrylate, 2-hydroxybutyl (meth)acrylate, 3-hydroxybutyI 
(meth) aery late, 4-hydroxybutyl (meth) aery late, etc.; 

mono(meth)acrylates of (poly)alkylene glycol, such as glycerol mono(meth)acrylate, polyethylene glycol 
mono(meth)acrylate (e.g. number of polyethylene glycol unit: 2 to 20), polypropylene glycol mono(meth)acrylate (e.g. 
number of polypropylene glycol unit: 2 to 20), etc.; 

free hydroxy! group-containing (meth)acrylates of polyhydric alcohol (trihydric or more), such as glycerol 
di(meth)acrylate, 1 ,2,4-butanetriol mono(meth)acrylate, 1 ,2,4-butanetriol di(meth)acrylate, trimethylolalkane 
mono(meth)acrylate (e.g. number of carbon atoms of alkane: 1 to 3), trimethylolalkane di(meth)acrylate (e.g. number 
of carbon atoms of alkane: 1 to 3), tetramethylolalkane di(meth)acrylate (e.g. number of carbon atoms of alkane: 1 to 
3), tetramethylolalkane tri(meth)acrylate (e.g. number of carbon atoms of alkane: 1 to 3), etc.; 

hydroxyalkyl esters of the unsaturated carboxylic acid, such as 2-hydroxyethyl crotonate, 2-hydroxypropyl croto- 
nate, 2-hydroxyethyl cinnamate, 2-hydroxypropyl cinnamate, etc.; 

hydroxyl group-containing vinyl aromatic compounds such as o-hydroxystyrene, m-hydroxystyrene, p-hydroxy- 
styrene, o-hydroxy-a-methylstyrene, m-hydroxy-a-methylstyrene, p-hydroxy-a-methylstyrene, p-vinylbenzyl alcohol, 
etc.; 

unsaturated alcohols such as (meth)allyl alcohol, etc.; 

unsaturated (mono)carboxylic acids such as (meth) acrylic acid, crotonic acid, cinnamic acid, etc.; 

unsaturated polycarboxylic acids (anhydrides) such as maleic acid (anhydride), fumaric acid, itaconic acid (anhy- 
dride), citraconic acid, mesaconic acid, etc.; 

freecarboxyl group-containing esters such as monomethyl ester, monoethyl ester, monopropyl ester, monohexyl 
ester, monooctyl ester, dimethyl ester, diethyl ester, dipropyl ester or dibutyl ester of the above unsaturated polycarbox- 
ylic acid; 

free carboxyl group-containing nitriles such as mononitrile of the above unsaturated polycarboxylic acid; 

free carboxyl group-containing esters such as monoester of non-polymerizable polyhydric carboxylic acid (e.g. 
phthalic acid, succinic acid, adipic acid, etc.) and hydroxyl group-containing unsaturated compound (e.g. allyl alcohol, 
2-hydroxyethyl (meth)acrylate, etc.); 

diesters of unsaturated carboxylic acid, such as dimethyl maJeate, diethyl maleate, dibutyl maleate, dioctyl 
maleate, diethyl fumarate, dibutyl fumarate, dioctyl fumarate, dimethyl itaconate, diethyl itaconate, dibutyl itaconate, 
dioctyl itaconate, etc.; 

epoxy group-containing unsaturated compounds such as allyl glycidyl ether, glycidyl (meth)acrylate, etc.; and 
vinyl chloride, vinyl acetate, cinnamate, crotonate, dicyclopentadiene, ethylidene norbornene, etc. 
The photopolymerizable unsaturated monomer component is used for accomplishing desired physical properties 

of the photosensitive resin composition after photosetting, e.g. mechanical strength, resilience, ink resistance, printing 

durability (plate wear), etc. 

Among the above photopolymerizable unsaturated monomer components, alkyl (meth)acrylates and alkylene gly- 
col (meth)acrylates are particularly preferred in view of its compatibility with the particulate copolymer (1), the mechan- 
ical strength and resilience of the composition. 

The photopolymerizable unsaturated monomer (2) can be used in any proportion according to the purpose, and the 
fluidity can be freely designed in the form of wax or low-viscosity liquid according to the amount. It is, however, used in 
an amount within the range of 5 to 1000 parts by weight, preferably 10 to 500 parts by weight, based on 100 parts by 
weight of the copolymer (1). When the amount is less than 5 parts by weight, the strength of the resulting resin compo- 
sition is inferior. On the other hand, when it exceeds 1000 parts by weight, the amount of shrinkage of the composition 
after photosetting becomes large. Therefore, it becomes difficult to satisfy both water resistance and water-developing 
properties of the composition and, at the same time, the design freedom of the composition is lowered. 

The amino group-containing compound (3) as one of the constituent components of the present invention functions 
to impart the water-developing properties to the composition. As the amino group-containing compound (3), for exam- 
ple, organic compounds having one or more primary, secondary or tertiary amino group can be used. Among them, an 
organic compound having a tertiary amino group is preferred. 

Examples of the primary amine include methylamine, ethylamine, propylamine, butylamine, etc. 

Examples of the secondary amine include dimethylamine, methylethylamine, diethylamine, methylpropylamine, 
ethylpropylamine, dipropylamine, dibutylamine, etc. 
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Examples of the tertiary amine include trialkylamines such as trimethylamine, methykJiethylamine, diethylethyl- 
amine, triethylamine, dimethylpropylamine, methylethylpropylamine, diethytpropylamine, methyldipropylamine, ethyld- 
ipropylamine, tripropylamine, dimethylbutylamine, methyldibutylamine, methylethylbutylamine, diethylbutylamine, 
ethyldibutylamine, methylpropylbutylamine, ethylpropylbutyiamine, dipropylbutylamine, propyldibutylamine, trib- 
utylamine, etc.; 

alkylalkanol tertiary amines such as dimethylethanolamine, methyldiethanolamine, diethylethanolamine, ethyldi- 
ethanolamine, etc.; trialkanolamines such as triethanolamine, diethanolpropanolamine, ethanoldipropanolamine, tripro- 
panolamine, etc.; 

N.N-dialkylaminoalkoxyalkanols such as N,N-dimethylairunoethoxyethanol, N,N-diethylaminoethoxyethanol t 
N,N-dimethyiaminoethoxypropanol, N.N-diethylaminoethoxypropanol, etc.; 

N,N-dialkylaminoalkyl (meth)acrylates such as N.N-dimethylaminoethyl (meth)acrylate, N.N-diethylaminoethyl 
(meth)acrytate. N.N-dipror^aminoethyl (meth)acrylate, N.N-dimethylaminopropyl (meth)acrylate, N,N-diethylamino- 
propyl (meth)acrylate, N,N-dipropylaminopropyl (meth)acrylate, etc.; 

N,N<lialkylaminoalkoxyalkyl (meth)acrylates such as N,N-dimethylaminoethoxyethyl (meth)acrylate, N,N- 
diethyiaminoethoxyethyl (meth)acrylate, etc.; 

tertiary amino group-containing (meth)acrylamides such as N-(N , ,N , -dimethylaminoethyl)(meth)acrylamide, N- 
(N'.N'-diethylaminoethyOfmethJacrylamide, N-fN'.N'-dimethylaminopropylJtmethJaaylamide, N-fN'.N'-diethylaminopro- 
pyl)(meth)acrylamide, etc.; and 

tertiary amino group-containing carbamates such as N.N-dimethylaminoethyl-N'-fmethJacryloyl carbamate, N,N- 
diethylaminoethyl-N'-(meth)acryloyl carbamate, etc. 

It is preferred to use a tertiary amine for having excellent water-developing properties among the above amino 
group-containing compounds. It is more preferred to use tertiary amine group-containing compounds having an a, p- 
ethylenic unsaturated group, such as tertiary amino group-containing (meth)acrylates, tertiary amino group-containing 
(meth)acrylamides, etc. in view of the mechanical strength of the composition after photosetting. 

The amino group-containing compound (3) of the present invention is used in an amount of 2 to 50 parts by weight, 
preferably 5 to 40 parts by weight, more preferably 5 to 30 parts by weight, based on 100 parts by weight of the copol- 
ymer (1). If the amount is within this range, these amino group-containing compounds can be used alone or in combi- 
nation thereof according to the purpose. When the amount of the amino group-containing compound (3) is smaller than 
2 parts by weight, it is difficult to develop the sufficient water-developing properties. On the other hand, even if it is used 
in the amount of larger than 50 parts by weight, the water-developing properties are not improved. From the viewpoint 
of neutralization %, the amino group-containing compound (3) is preferably used in the amount within the range of 50 
to 200 molar %, more preferably 90 to 150 molar %, for the acid radical equivalent of the copolymer (1). 

Examples of the photoinitiator (4) used in the photosensitive resin composition of the present invention include a- 
diketone compounds such asdiacetyl, benzyl, etc.; acyloihs such a sbenzoin , pivaloin, etc.; acyloin ethers such as ben- 
zoin methyl ether, benzoin ethyl ether, benzoin propyl ether, etc.; polynuclear quinones such as anthr&quinones . 1,4- 
naphthoquinone, etc.; acetoohenones such as 2,2-dimethoxyphenylacetophenone, trichloroacetophenone, etc.; benz- 
ophenones such as benzophenone, methvl-o-benzovl benzoate, etc. Other normal photopolymerization initiators can 
also be used. 

«. 

The amount of the photopolymerization initiator (4) is 0. 1 to 20 parts by weight, preferably 0.5 to 1 0 parts by weight, 
based on 100 parts by weight of the copolymer (1) as one of the constituent components of the photosensitive resin 
composition of the present invention. When the amount is less than 0. 1 part by weight, the photosensitive resin compo- 
sition can not be sufficiently cured. On the other hand, when the amount exceeds 20 parts by weight, the whole pho- 
topolymerization initiator does not take part in the reaction and, therefore, it is poor economy. Sometimes, its 
compatibility with the copolymer (1), photopolymerizable unsaturated monomer (2) and amino group-containing com- 
pound (3) is inferior, which results in ununiform dispersion. 

The water-developing photosensitive resin composition of the present invention comprises the particulate copoly- 
mer (1), photopolymerizable unsaturated monomer (2), amino group-containing compound (3) and photopolymeriza- 
tion initiator (4) as the essential constituent components, but can also contain a block copolymer, if necessary. 

The block copolymer comprises a hard segment and a soft segment, wherein the hard segment is a thermoplastic 
non-elastomeric copolymer block having a glass transition point of not less than 20°C and the soft segment is an elesto- 
meric copolymer having a glass transition temperature of not more than 10°C. 

The hard segment constituting the block copolymer comprises the thermoplastic non-elastomeric polymer block 
having a glass transition point of not less than 20°C. Preferred examples of the monomer component constituting 
mainly the polymer block include a vinyl aromatic compound. Examples thereof include styrene, t-butylstyrene. a-meth- 
ylstyrene, p-methylstyrene, divinylbenzene, 1,1-diphenylstyrene, N,N-dimethyl-p-aminoethylstyrene, N,N-diethyl-p-ami- 
noethylstyrene, vinylpyridine, etc. Among them, styrene and a-methylstyrene are particularly preferred. The hard 
segment constituting the block copolymer can also be obtained by copolymerizing the above vinyl aromatic compound 
with conjugated diene compound or other copolymerizabie monomer component within the above glass transition tem- 
perature range, if necessary. 
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The soft segment constituting the block copolymer comprises the elastomeric polymer block having a glass transi- 
tion point of not more than 10°C. Preferred examples of the monomer component constituting mainly the polymer block 
include a conjugated diene compound. Examples thereof include 1,3-butadiene, isoprene, 2,3-dimethyl-1 ,3-butadiene, 
1,3-pentadiene, 2-methyl-1 ,3-pentadiene, 1 ,3-hexadiene, 4,5-diethyM,3-octadiene, 3-butyM ,3-octadiene, chloro- 
prene, etc. Among them, 1,3-butadiene, isoprene and 1,3-pentadiene are preferred so as to obtain a polymer block 
which can be industrially available and is superior in physical properties, and 1 ,3-butadiene and isoprene are more pre- 
ferred. The soft segment constituting the block copolymer can also be obtained by copolymerizing the above conju- 
gated diene compound with the vinyl aromatic compound or other copolymerizable monomer component within the 
above glass transition temperature range, if necessary. 

The amount of the block copolymer can be appropriately selected according to the purpose of the composition 
used, but is 0.1 to 1 00 parts by weight, preferably 1 to 90 parts by weight, more preferably 2 to 70 parts by weight, based 
on 100 parts by weight of the copolymer (1). When the amount of the block copolymer is less than 0.1 part by weight, 
the strength of the composition after exposure becomes insufficient, sometimes. On the other hand, when the amount 
exceeds 100 parts by weight, the water-developing properties of the composition are liable to be deteriorated. 

Various additives can be optionally formulated to the water-developing photosensitive resin composition of the 
present invention. Examples of the additive include thermal addition polymerization inhibitor which acts as a storage 
stabilizer. Examples of the thermal addition polymerization inhibitor include hydroxy aromatic compounds such as hyd- 
^roqyinone^hydroquinone monomethyl ether, mono-t-butylhydroquinone. catechol, p-t-butylcatechol, p-methoxyphenol? 
2.6-di-t-butyl-p-cresol, 2,6-di-t-butyl-m-cresol, pyrogallol, p-naphthol, etc.; 

quinones such as benzoquinone, 2,5-diphenyl-p-benzoquinone, p-toluquinone, p-xyloquinone, etc.; 
nitro compounds such as nitrobenzene, m-dinitrobenzene, 2-methyl-2-nitrosopropane, a-phenyl-t-butylnitrone, 
5,5-dimethyl-1 -pyrroline-1 -oxide, etc. ; 

amines such as chloranil-amine, diphenylamine, diphenylpicrylhydrazine. phenol-a-naphthylamine, pyridine, 
phenothiazine, etc.; 

sulfides such as dithiobenzoyl sulfide, dibenzyl tetrasulfide, etc.; 
unsaturated compounds such as 1,1-diphenylethylene, a-methylthioacrylonitrile, etc., 
thiazine dyes such as thi onine blue, toluidineJ Muejiethyleneblue. etc.; and stable radicals such as 1,1-diphe- 
nyl-2-picrylhydrazyl, 1 ,3,5-triphenylferdazyl, 4-hydroxy-2,2,6,6-tetramethylpiperidin-1-oxyl, 2,6-di-t-butyl-a-(3,5-di-t- 
butyl)-4-oxo-2,5-cyclohexadien e-1-ylidene-p-trioxyl, etc. 

These thermal addition polymerization inhibitors can be used alone or in combination thereof. 

The resin composition of the present invention is obtained, for example, by sufficiently stirring the copolymer (1), 
photopolymerizable unsaturated monomer (2), amino group-containing compound (3) and photopolymerization initiator 
(4) with heating, using a kneader, an inter mixer, etc. The photosensitive resin composition thus obtained can be freely 
designed in the form of wax having no fluidity, rubbery liquid, or lowly viscous liquid having excellent fluidity. 

The photosensitive resin composition having no fluidity can be processed to give a photosensitive plate having a 
constant film thickness by sandwiching a spacer having a suitable thickness, applying the composition on a substrate 
by means of a roll coater, or compression molding or extrusion molding. A printing plate can be obtained by putting on 
a negative film on the resulting photosensitive plate, exposing to light and washing the non-exposed area with water. 

The viscosity of the photosensitive resin composition having fluidity can also be adjusted by adding a suitable sol- 
vent, if necessary. Thereby, it can be used as the resist which is suitable for spin coating. Similarly, a clear image can 
be formed by washing the non-exposed area after exposure with water. 

The exposure is conducted by irradiating light having a polymerization wavelength for the photopolymerizable 
unsaturated monomer, normally 250 to 500 nm. The dose should be appropriately set so as to satisfy qualities of the 
image, particularly dot-image reproducibility and etching depth, and is preferably about 100 to 5000 mJ/cm 2 . 

The photosensitive resin composition of the present invention can be used as a photosensitive printing plate (f lex- 
ographic printing plate) and a resist material, and a photosensitive material in the fields of photoresist, plate-making, 
etc., extremely suitably. It is also used widely as the photosensitive material in the fields of photosensitive ink. photo- 
sensitive paint, photosensitive adhesive, photomolding material, etc. 

The photosensitive resin composition of the present invention is superior in water-developing properties, resilience, 
strength of resin plate after exposure, elongation at break and transparency of resin plate. 

The water-developable photosensitive resin composition of the present invention can freely take the form of wax or 
rubber having no fluidity, and liquid having low-viscosity, etc. 

The following Examples and Comparative Examples further illustrate the present invention in detail but are not to 
be construed to limit the scope thereof. 



Example 1 



According to the manner described below, a copolymer (1) was prepared. 
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That is, a monomer composition of butadiene / Placcel FA-1 , CH2=CHCOOC 2 H 4 OCO(CH2)50H (manufactured by 
Daicel Chemical Industries, LTD., average molecular weight: 230) / methacrylic acid /divinylbenzene/methyl methacr- 
ylate (= 73:7:7:1 :12) (molar %), sodium lauryl sulfate as the emulsifier and potassium persulfate as the polymerization 
initiator were subjected to emulsion polymerization in a 20 liter autoclave. After the polymerization conversion % of the 
whole monomer reached 90%, a hydroxylamine sulfate salt was added in the amount of 0.2 parts by weight, based on 
100 parts by weight of the monomer, to terminate the polymerization. Then, the reaction solution was heated and sub- 
jected to steam distillation under reduced pressure to remove a residual monomer. 

The particle size of the resulting copolymer latex was measured. The average particle size was 72 nm. The result- 
ing latex was subjected to salting-out using calcium chloride, washed and then dried to give a carboxyl group-containing 
particulate copolymer (1). 

To 100 parts by weight of this copolymer (1), 30 parts by weight of lauryl methacrylate and 20 parts by weight of 
1 ,6-hexanediol diacrylate as the photopolymerizable unsaturated monomer (2), 20 parts by weight of N-(3-dimethylami- 
nopropyl)acrylamide as the amino group-containing compound (3), 3 parts by weight of 2,2-dimethoxyphenylacetophe- 
none as the photopolymerization initiator (4), 30 parts by weight of a styrene-isoprene-styrene block copolymer (JSR 
SIS5000, manufactured by Japan Synthetic Rubber Co., Ltd.) as the block copolymer and 0.5 parts by weight of p-t- 
butylcatechol as the storage stabilizer were added. The mixture was stirred in a kneader adjusted at 50°C for 50 min- 
utes to give a photosensitive resin composition of the present invention. The resulting resin composition had the form 
of a transparent wax. 

Evaluation: 

The resulting photosensitive resin composition was applied on a polyester sheet to form a photosensitive resin 
layer having a thickness of 0.5 mm. Then the time required for the photosensitive resin layer to disappear was meas- 
ured by brushing in a hot water at 30°C, using a developing device (JOW-A-4P type) manufactured by Nihon Denshi 
Seiki Co., Ltd. 

In addition, the above resin plate was exposed to light for 6 minutes using an exposing device (JE-A3-SS type) 
manufactured by Nihon Denshi Seiki Co., Ltd., and then the tensile strength, elongation at break and resilience were 
measured according to J IS K6301 . 

As a result, the resulting composition was superior in water<leveloping properties and resilience, elongation at 
break, strength of resin plate and balance between characteristics. The above results are shown in Table 1. 

Example 2 

According to the same manner as that described in Example 1 except for using butadiene / Placcel FM-2, 
CH2=C(CH3)COOC2H 4 0{CO(CH2)50}2H (manufactured by Daicel Chemical Industries, LTD., average molecular 
weight: 358) / ©-qaitoxydi(pentamethylenecarboxy)oxyacrylate / ethylene glycol dimethacryla te/styrene (= 81 :7:5:1 :6) 
(molar %) as the monomer components, the emulsion polymerization was conducted to give a particulate copolymer 
(1). Then, according to the same manner as that described in Example 1 except for using the above particulate copol- 
ymer (1), a composition of the present invention was produced. 

The particle size of the resulting copolymer latex was measured to give 73 nm. 

The resulting composition was superior in water-developing properties and resilience, elongation at break, strength 
of resin plate and balance between characteristics. The above results are shown in Table 1 . 

Example 3 

According to the same manner as that described in Example 1 except for using butadiene / Placcel FM-2 / meth- 
acrylic acid / ethylene glycol dimethacrylate / styrene (= 72:1 4:7:1 :6) (molar %) as the monomer components, the emul- 
sion polymerization was conducted to give a particulate copolymer (1). The average particle size of the copolymer latex 
was 73 nm. 

According to the same manner as that described in Example 1 except for adding 30 parts by weight of lauryl meth- 
acrylate and 20 parts by weight of 1 ,6-hexanediol diacrylate as the photopolymerizable unsaturated monomer (2), 20 
parts by weight of N-(2-diethylaminoethyl)methacrylate as the amino group-containing compound (3), 3 parts by weight 
of 2,2-dimethoxyphenylacetophenone as the photopolymerization initiator (4), 30 parts by weight of a styrene-butadi- 
ene-styrene block copolymer (JSR TR2000, manufactured by Japan Synthetic Rubber Co., Ltd.) as the block copolymer 
and 0.5 parts by weight of p-t-butylcatechol as the storage stabilizer to 1 00 parts by weight of the particulate copolymer 
(1), a photosensitive resin composition of the present invention was prepared and it's evaluation was conducted. 

The resulting composition was superior in water-developing properties and resilience, elongation at break, strength 
of resin plate and balance between characteristics. The above results are shown in Table 1 . 
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Example 4 

According to the same manner as that described in Example 1 except for using butadiene / Placcel FM-3, CH2= 
C(CH 3 )CXX)C2H40{CO(CH2)50}3H (manufactured by Daicel Chemical Industries, LTD., average molecular weight: 
472) / methacrylic acid / ©^rboxymonofpentamethylenecar^^ /divinylbenzene / methyl methacrylate (= 

79:7:2:5:1 :6) (molar %) as the monomer components, the emulsion polymerization was conducted to give a particulate 
copolymer (1). The average partide size of the copolymer latex was 72 nm. 

According to the same manner as that described in Example 1 except for adding 30 parts by weight of lauryl meth- 
acrylate and 20 parts by weight of 1 ,6-hexanediol diacrylate as the photopolymerizable unsaturated monomer (2), 20 
parts by weight of N-(2-diethylaminoethyl)methacrylate as the amino group-containing compound (3), 1 part by weight 
of 2,2-dimethoxyphenylacetophenone as the photopolymerization initiator (4) and 0.5 parts by weight of p-t-butylcate- 
chol as the storage stabilizer to 100 parts by weight of the resulting particulate copolymer (1), a photosensitive resin 
composition of the present invention was prepared and it's evaluation was conducted. 

The resulting composition was superior in water-developing properties and resilience, elongation at break, strength 
of resin plate and balance between characteristics. 

The above results are shown in Table 1. 

Comparative Example 1 

According to the same manner as that described in Example 1 except for using butadiene / divinylbenzene / methyl 
methacrylate / methacrylic acid (= 80:1 :12:7) (molar %) as the monomer components, the emulsion polymerization was 
conducted to give a particulate copolymer. 

The average particle size of the resulting copolymer latex was 71 nm. 

To 100 parts by weight of the resulting copolymer, 30 parts by weight of lauryl methacrylate, 20 parts by weight of 
1 ,6-hexanediol diacrylate, 20 parts by weight of N-(3-dimethylaminopropyl)acrylamide, 3 parts by weight of 2,2-dimeth- 
oxyphenylacetophenone, 30 parts by weight of a styrene-isoprene-styrene block copolymer (SIS5000, manufactured by 
Japan Synthetic Rubber Co., Ltd.) and 0.5 parts by weight of p-t-butylcatechol were added, and the mixture was stirred 
in a kneader adjusted at 50°C for 30 minutes to give a photosensitive resin composition of the present invention. The 
resulting resin composition had the form of a transparent wax. 

According to the same manner as that described in Example 1 , the resulting photosensitive resin composition was 
evaluated. 

When using methacrylic acid in the preparation of the particulate copolymer, the resulting composition was inferior 
in water-developing properties and resilience. 

The results are shown in Table 1 . According to the same manner as that described in Example 1 , photosensitive 
resin compositions were prepared and evaluated in Examples 5 and 6 and Comparative Example 2. The results are 
shown in Table 1. 
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Table 1 



Component 


Photosensitive res- 
in composition 


Example No. 


Comparative 
Example No. 




1 


2 


3 


4 


5 


6 


1 


2 


1 


Composition of co- 
polymer (molar Z) 


100 


100 


100 


100 


100 


100 


100 


100 




(a) Butadiene 


73 


81 


72 


79 


72 


82 


80 


92 




(b) FA-l* l) 


7 


















FM-2 #2) 




f 








c 

5 








FM-3* 3 > 








7 


14 


5 








\c ) * ne tnacryiic 
acid 


7 




7 


2 


7 


7 


7 


7 




• w-Carboxydi 
(pentamethyl- 
enecarboxy) 
oxyacrylate*** 




5 
















• u-Carboxymono 
( pent ame thy 1- 
enecarboxy ) 
oxyacrylate 








5 








— 




(d) • Etylene gly- 
col dimethac- 
rylate 


- 


1 


1 


- 


- 


- 


- 


- 




♦ Divinyl- 
oenzene 


1 






1 


1 


1 


1 


1 




acrylate 


12 






6 


6 




12 






• Styrene 


- 


6 


6 




- 


- 


- 


- 


2 


(Parts by weight) 




















• Lauryl methacry- 
late 


30 


30 


30 


30 


30 


30 


30 


30 




• 1,6-Hexanediol 
diacrylate 


20 


20 


20 


20 


20 


20 


20 


20 


3 


(Parts by weight) 




















• N-(3-dimethyl- 
aminopropyl)acr- 
ylamide 


20 


20 






10 


20 


20 


. 20 




• N-(2-diethyl- 
aminoethyljmeth- 
acrylate 






20 


20 
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4 


(Parts by weight) 




















• 2,2-Dimethoxy- 
phenylacetophe- 
none 


3.0 


3.0 


3.0 


1.0 


3.0 


3.0 


3.0 


3.0 




(Parts by weight) 




















• Styrene-buta- 


- 


- 


30 


- 


- 


- 


- 


- 




diene-styrene 
block copoly- 
mer ' 




















• Styrene-iso- 
prene-styrene 
block copoly- 
mer* 6 ' 


30 


30 


- 


- 


- 


30 


30 


30 




• p-t-Butylcate- 
chol 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 




(Evaluation item) 




















Washout time 
(second) 


190 


160 


210 


200 


210 


210 


270 


250 




Tensile strength 
(kgf/cm 2 ) ! 


34 


35 


31 


35 


32 


32 


26 


25 




Elongation at break 
(X) 


160 


170 


180 


170 


180 


180 


120 


150 




Resilience (X) 


35 


36 


38 


36 


38 


37 


26 


28 



(*1) Placcel FA-1, CK 2 =CHCOOC 2 H 4 OCO(CH 2 ) 5 OH 
manufactured by Daicel Chemical Industries, LTD., average 
molecular weight: 230 

<*2) Placcel FM-2, CH 2 =C(CH3)COOC2H 4 0{CO(CH2)50} 2 H 
manufactured by Daicel Chemical Industries, LTD., average 
molecular weight: 358 

(*3) Placcel FM-3, CH 2 =C(CH3)COOC 2 H 4 0{CO(CH 2 ) 5 0} 3 H 
manufactured by Daicel Chemical Industries, LTD. , average 
molecular weight: 472 

. ( *4 ) CH 2 «CHCOO- ( C 5 H 10 COO ) 2 -H 

(*5) JSR TR2000 manufactured by Japan Synthetic Rubber 
Co . , Ltd . 

(*6) JSR SIS5000 manufactured by Japan Synthetic Rubber 
Co . , Ltd . 

(*7) Not added 



Claims 

1 . A water-developable photosensitive resin composition, comprising: 
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10 



25 



30 



55 



(1) a particulate copolymer formed by polymerizing a monomer mixture comprising: 

(a) 10 to 95 molar % of an aliphatic conjugated diene monomer, 

(b) 0.1 to 30 molar % of a monomer represented by the following general formula (I): 



CH 2 =C-C-6-(CHa)^-0-(C-R J 0-) w -H ( I ) 

R 1 0 0 



wherein R 1 is a hydrogen atom or a methyl group, R 2 is an alkylene group having 3 to 20 carbon atoms, n 
is an integer of 2 to 6, and m is an integer of 1 to 20, 
(c) 0.1 to 30 molar % of a monomer having an ionic hydrophilic group, and 
15 (d) 0.1 to 20 molar % of a monomer having at least two groups capable of addition-polymerizing, total 

amount of components (a), (b), (c) and (d) being 100 molar %; 

(2) a photopolymerizable unsaturated monomer; 

(3) an amino group-containing compound; and 
20 (4) a photopolymerization initiator. 

2. A water-developable photosensitive resin composition, comprising: 

(1) 100 parts by weight of a particulate copolymer formed by polymerizing a monomer mixture comprising: 



(a) 10 to 95 molar % of an aliphatic conjugated diene monomer, 

(b) 0.1 to 30 molar % of a monomer represented by the following general formula (I): 

CH a =C-C-0-(CH,) n -0-(C-R'O-) m -H ( I ) 

R * O O 



wherein R 1 is a hydrogen atom or a methyl group, R 2 is an alkylene group having 3 to 20 carbon atoms, n 
35 is an integer of 2 to 6, and m is an integer of 1 to 20, 

(c) 0.1 to 30 molar % of a monomer having an ionic hydrophilic group, and 

(d) 0.1 to 20 molar % of a monomer having at least two groups capable of addition-polymerizing, total 
amount of components (a), (b), (c) and (d) being 100 molar %; 

40 (2) 5 to 1 ,000 parts by weight of a photopolymerizable unsaturated monomer; 

(3) 2 to 50 parts by weight of an amino group-containing compound; and 

(4) 0.1 to 20 parts by weight of a photopolymerization initiator. 

3. The water-developable photosensitive resin composition according to claim 1, further comprising a block copoly- 
45 mer of a non-elastomeric polymer block having a glass transition point of not less than 20°C and an elastomeric 

polymer block having a glass transition point of not more than 10°C. 

4. The water-developable photosensitive resin composition according to claim 2, further comprising a block copoly- 
mer of a non-elastomeric polymer block having glass transition point of not less than 20°C and an elastomeric pol- 

so ymer block having glass transition point of not more than 10°C in the amount of 0.1 to 100 parts by weight, based 
on 100 parts by weight of the particulate copolymer. 

5. The water-developable photosensitive resin composition according to any one of claims 1 to 4, wherein R 2 is an 
alkylene group having 3 to 7 carbon atoms, n is an integer of 2 to 4, and m is an integer of 1 to 5. 



6. A f lexographic plate with a photosensitive layer formed from a water-developable photosensitive resin composition, 
comprising: 

(1) a paniculate copolymer obtained by polymerizing a monomer mixture comprising: 
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(a) 10 to 95 molar % of an aliphatic conjugated diene monomer, 

(b) 0.1 to 30 molar % of a monomer represented by the following general formula (I): 

CH 2 =C~C-0-(CH 2 )n-0-(C-R a O-j„-H ( I ) 

I II II 
R 0 0 



wherein R 1 is a hydrogen atom or a methyl group, R 2 is an alkylene group having 3 to 20 carbon atoms, n 
is an integer of 2 to 6, and m is an integer of 1 to 20, 

(c) 0.1 to 30 molar % of a monomer having an ionic hydrophilic group, and 

(d) 0.1 to 20 molar % of a monomer having at least two groups capable of addition-polymerizing, total 
amount of components (a), (b), (c) and (d) being 100 molar %; 

(2) a photopolymerizable unsaturated monomer; 

(3) an amino group-containing compound; and 

(4) a photopolymerization initiator. 

7. A f lexographic plate with a photosensitive layer formed from a water-developable photosensitive resin composition, 
comprising: 

(1) 100 parts by weight of a particulate copolymer formed by polymerizing a monomer mixture comprising: 

(a) 10 to 95 molar % of an aliphatic conjugated diene monomer; 

(b) 0.1 to 30 molar % of a monomer represented by the following general formula (I): 

CH a =C-C-0-(CH0--0^(C-R 1 O-)~--H ( I ) 

I , II II 
R 1 0 O 

wherein R 1 is a hydrogen atom or a methyl group, R 2 is an alkylene Qroup having 3 to 20 carbon atoms, n 
is an integer of 2 to 6, and m is an integer of 1 to 20, 

(c) 0.1 to 30 molar % of a monomer having an ionic hydrophilic group, and 

(d) 0.1 to 20 molar % of a monomer having at least two groups capable of addition-polymerizing, total 
amount of components (a), (b), (c) and (d) being 100 molar %; 

(2) 5 to 1 ,000 parts by weight of a photopolymerizable unsaturated monomer; 

(3) 2 to 50 parts by weight of an amino group-containing compound; and 

(4) 0.1 to 20 parts by weight of a photopolymerization initiator. 

8. A f lexographic plate of claim 6, in which the water-developable photosensitive resin composition further comprises 
a block copolymer of a non-elastomeric polymer block having a glass transition point of not less than 20°C and an 
elastomeric polymer block having a glass transition point of not more than 10°C. 

9. A f lexographic plate of claim 7, in which the water-developable photosensitive resin composition further comprises 
a block copolymer of a non-elastomeric polymer block having glass transition point of not less than 20°C and an 
elastomeric polymer block having glass transition point of not more than 10°C in the amount of 0.1 to 100 parts by 
weight, based on 100 parts by weight of the particulate copolymer. 

10. A f lexographic plate of any one of claims 6 to 9, in which R 2 is an alkylene group having 3 to 7 carbon atoms, n is 
an integer of 2 to 4, and m is an integer of 1 to 5. 
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